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Objectives:
1. Understand the relationship between
exposure to PFASs in drinking water and how
quickly the body accumulates and/or
eliminates various PFASs
2. Evaluate how exposure to PFASs affects health

Talk Roadmap
• PFAS-AWARE Study
– Background on PFASs
– Timeline & study progress

• Presentation of April 2019 blood test results
• Review of water results from December 2018
presentation
• Presentation of April 2019 water test results
• Future directions
• Questions

PFAS Exposure in Fountain, Security
and Widefield Wells
• AFFF (Aqueous Film Forming Foam) was used at airports,
military installations, fire-fighting training sites,
manufacturing sites, and other places.
– PFASs from AFFF are a different mixture from the one in consumer
products. This includes PFHxS (perfluorohexane sulfonate) and related
substances
– Less is known about exposure and health effects of PFHxS than
PFOA/PFOS

• If you are on one of the public water systems
(Fountain, Security, and Widefield) your exposure
ended around August 2015 because of changes in
water sources or addition of treatment systems
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Study Progress
• Year 1: 2018
– Water Sampling
– Blood Sampling
– Participant Questionnaires

• Year 2: 2019
– Blood Sampling
– Questionnaires

Study Progress
• Year 2 blood draw: We have selected a random
sample of 50 people to participate in the May,
2019 blood draw. If you have not been contacted
as of now, that means you were likely not
selected.
• Residential Histories: We are going to be asking
all participants who were not selected to be in
the second blood draw if they’d be willing to
complete an additional questionnaire. You will be
given $20 for your time. This information should
help us determine when the water first became
contaminated.

Preliminary Blood Sampling Results
• In December, 2018 we presented about:
– 18 PFAS Compounds
– Total Cholesterol, Triglycerides, HDL Cholesterol and
LDL Cholesterol
– Liver Enzymes: AST, ALT, GGT

• Results we are sharing today:
– Interleukins and Other Cytokines: IL-1β, IL-2, IL-6, IL10, IFN-ɣ and TNF-α
– Additional 29 PFASs in serum
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What Are CDC & NHANES Reference Ranges?
• CDC is the “Centers for Disease Control”
• NHANES is the “National Health and Nutrition
Examination Survey”
– Designed to assess the health and nutrition status
of adults and children in the U.S. using interviews,
examinations and laboratory testing
– A nationally representative selection of people
participate every other year
– Helps to determine U.S. population averages for
both diseases, PFAS exposure and other
exposures.

Preliminary Blood Sampling Results
from 220 Blood Samples:
April 2019 Results

Blood Sampling-New PFAS Results:
• Results of serum concentrations for 29 additional
PFASs
– 12 of these 29 compounds were detected in at least one
study participant.
– 17 of these 29 compounds were not detected in any
study participant.

• With the exception of FOSA, none of these
compounds have been measured at a national level
– Can’t compare the levels found in this study population
to levels found in other areas of the U.S.

PFAS Results (in ng/ml):
12 compounds were detected in at least one study participant
Current
Acronym
PFEtCHxS
PFPeS
PFPrS
8:2 FTS
FOSA
FOSAA
6:2 FTS
Cl-PFOS
4:2 FTS
PFDS
PFNS
PFTrDA

This Study 50th
Percentile
0.24
0.22
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

Highest in this
Study
1.93
18.73
0.39
0.10
0.04
0.42
3.34
0.04
0.16
0.17
0.02
0.11

Percent
Measurable
89%
81%
25%
12%
9%
8%
4%
4%
2%
1%
1%
0.5%

<LOD stands for below the limit of detection. This means that there was not
enough of the compound in the blood sample for the instrument to provide a
confident answer.

PFAS Results (in ng/ml):
17 compounds were not detected in any study participant.
Current Acronym
PFTeDA
PFHxDA
PFODA
PFDoS
Cl-O-PFUdS
MeFOSA
EtFOSA
10:2 FTS
3:3 FTA
5:3 FTA
7:3 FTA
6:2 FTA
8:2 FTA
10:2 FTA
6:2 FTUA
8:2 FTUA
10:2 FTUA

Percent Measurable
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

What does this mean?
• Again, with the exception of FOSA, none of these
compounds have been measured at a national
level, so no reference ranges exist
• Most of these substances have not been studied
in humans, so health effects are not known
• Now that we know that some of these are
present in people exposed to AFFF, we can
prioritize them for future studies of persistence
and health effects

Blood Sampling-PFAS Results:
• How can I avoid additional exposure to PFAS?
– If you are on a private well have it checked for
PFAS contamination.
– Limit eating at fast food restaurants or eating
microwave meals that use packaging that may be
grease repellent.
– Avoid buying stain- and water-resistant products
where possible.
– Wash hands before eating and keep floors and
surfaces clean to reduce possible exposure from
PFASs in dust.

Cytokines: Interleukins
• Produced in the bloodstream, belong to a molecular group called
cytokines
• Play an important role in the immune system: Inflammation
• There are both pro-inflammatory and anti-inflammatory agents,
balance is key
• IL-1β, IL-6 and IL-8 are all pro-inflammatory cytokines
• IL-10 is an anti-inflammatory cytokine
Remember, there is no recommended or established “normal” range for
cytokine levels.
If your cytokine levels are higher or lower compared to the rest of the
study population that does not necessarily indicate a health problem.
Cytokine levels are affected by many things including diet, exercise and
stress. If you are concerned about your results you should consult with
your doctor.

Blood Sampling-Interleukin Results:
Study 50th Percentile
Study Range
Detected in what Percent
of Study participants?
Expected Range

IL-1β (pg/ml): IL-2 (pg/ml): IL-6 (pg/ml): IL-10 (pg/ml):
< LOD
< LOD
< LOD
< LOD
Min: < LOD
Min: < LOD
Min:< LOD
Min:< LOD
Max: 0.77
Max: 0.75
Max: 32.24
Max: 1.61
32%

7%

39%

35%

Not Established

< LOD: The interleukin was below the limit of detection, meaning the value
was too low to be accurately determined.
Remember, there is no recommended or established “normal” range for cytokine levels.
If your cytokine levels are higher or lower compared to the rest of the study population that does
not necessarily indicate a health problem. Cytokine levels are affected by many things including
diet, exercise and stress. If you are concerned about your results you should consult with your
doctor.
We are still working on the analysis of any potential relationships between PFAS exposure
and Cytokines

Other Cytokines
Tumor Necrosis Factor:
• Tumor necrosis factors are family of proteins within the cytokine group
• Part of the body’s immune response system and can cause cell death
• TNF-α is a pro-inflammatory cytokine
Interferon Gamma (IFN-ɣ):
• Interferon gamma is a signaling protein.
• Plays an important role in the body’s adaptive immune response
• Relates to the fighting off of allergic diseases (like asthma)
• IFN-ɣ: This cytokine has both pro- and anti-inflammatory properties.

Remember, there is no recommended or established “normal” range for cytokine
levels.
If your cytokine levels are higher or lower compared to the rest of the study
population that does not necessarily indicate a health problem. Cytokine levels are
affected by many things including diet, exercise and stress. If you are concerned
about your results you should consult with your doctor.

Blood Sampling-Other Cytokine Results:
Study 50th Percentile
Study Range
Detected in what Percent of
Study participants?
Expected Range

IFN-ɣ (pg/ml):

TNF-α (pg/ml):

3.11
Min: <LOD
Max: 5.27

7.87
Min: 1.98
Max: 23.4

72.3%

100%

Not Established

< LOD: The interleukin was below the limit of detection, meaning the value was too
low to be accurately determined.
Remember, there is no recommended or established “normal” range for cytokine levels.
If your cytokine levels are higher or lower compared to the rest of the study population that
does not necessarily indicate a health problem. Cytokine levels are affected by many things
including diet, exercise and stress. If you are concerned about your results you should consult
with your doctor.
We are still working on the analysis of any potential relationships between PFAS
exposure and Cytokines

Preliminary Water Sampling Results:
December 2018
• We measured PFASs in the untreated wells that were
used by Security, Widefield, and Fountain before the
PFAS issue was known
• Since PFASs were discovered in these systems, each
water supplier either changed water sources or added
treatment systems specifically to remove PFASs
• We also measured PFASs in private well water samples
Objective: to understand what residents might have been
exposed to in the past, before EPA health advisories were in
effect and additional steps were taken to remove PFASs

Preliminary Water Sampling Results:
December 2018
• Measured PFASs in untreated water
from private wells and public wells in
April-June, 2018
•
•
•
•

3 in Fountain
3 in Widefield
22 in Security
10 private wells

• Why untreated water?
While PFASs are now being removed from drinking
water, concentrations in blood likely reflect past
exposure

Water Conclusions from December
2018 Presentation
• We found 10 different PFASs in more than 80%
these samples
• The range of concentrations is large
• The compounds measured are consistent with
PFASs derived from fire fighting foam use

Preliminary Water Sampling Results:
April 2019 Results
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We can detect and identify many compounds
through high resolution mass spectrometry, even if
we don’t have an analytical standard for
comparison.

Perfluoroalkyl sulfonamides (FASAs) in Untreated Well Water: April 2019
Private wells: black circles; Fountain: green triangles; Widefield: red squares; Security: blue diamonds
Generally, Private wells ~ Fountain < Widefield < Security
*All quantities are relative – no concentrations available

FPrSA (C3)
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WIDEFIELD
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FBSA (C4)
PRIVATE
FOUNTAIN
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FPeSA (C5)
PRIVATE
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Filled Shapes are Median: 50% of values are lower, 50% are greater, than this value

Cyclic Sulfonate (PFEtCHxS) in Untreated Well Water: April 2019
Private wells: black circles; Fountain: green triangles; Security: blue diamonds; Widefield: red squares
Generally, Private wells ~ Fountain < Widefield < Security
*All quantities are relative – no concentrations available

PFEtCHxS
PRIVATE
FOUNTAIN
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Filled Shapes are Median: 50% of values are lower, 50% are greater, than this value

April 2019 Data Summary: PFASs in Untreated Well Water
4 PFASs frequently detected (found in > 70% of samples) – shown in previous
slides:
• These PFASs are quite typical of AFFF-impacted groundwater
• C3-C5 perfluoroalkyl sulfonamides (FASAs) – FPrSA, FBSA, FPeSA
• One cyclic sulfonamide commonly detected – PFEtCHxS

What was sporadically detected?
Compounds

Percent
Detection

C6 FASA (FHxSA)

32%

C5, C6 Sulfinates (PFHxSi, PFPeSi)

3%; 13%

Keto-sulfonates (K-PFOS; K-PFHxS)

8%; 3%

Various substituted sulfonamides

3-45%

Next Analyses: Suspect Screening of Blood Samples
• We have found additional PFASs in untreated drinking
water beyond the regularly monitored compounds 
• Are these compounds also in residents’ blood samples?
• All blood sample data will also be screened for our list of
~1,400 AFFF-associated PFASs to see whether any
additional compounds are present in blood
• Like water data, results will not be quantitative, but will
show:
• presence of additional compounds if they are in the
samples above detection limits
• relative abundance compared to the other blood
samples

Future Directions
• We are currently scheduling for Year 2 blood
sampling which will take place in May, 2019
• We will be doing detailed residential histories
for as many participants as possible to help
understand when the exposure may have
started
• Currently doing data analysis and developing
manuscripts for future presentations and
publication in the scientific literature
• We are seeking funding for additional studies
from federal sources

PFAS UNITEDD
U.S. National Investigation of Transport and Exposure from
Drinking Water and Diet
The U.S. Environmental Protection Agency’s National Center for Environmental Research has
granted $1.9M of funding for research on the impact of PFAS to human health.

Investigators: Christopher Higgins (Colorado School of Mines); Tissa Illangasekare (Mines), Detlef Knappe (North
Carolina State University); Jane Hoppin (NCSU); Heather Stapleton (Duke University); Courtney Carignan (Michigan
State University); John Adgate (Colorado School of Public Health)

Thank you for Coming!
If you are interested in getting updates
related to this study, or learning about
participation in future research, please enter
your contact information on the sign-in sheet.
This work was funded by support from the National Institutes for Environmental
Health Sciences R21-ES029394. Any opinions, findings conclusions, or
recommendations expressed in this material are those of the authors and do not
necessarily reflect the views of NIEHS.

For further questions:
Email: PFAS-AWARE@UCDenver.edu
Phone: (719) 301-9733

Resources
See www.PFAS-AWARE.org for links
• https://www.atsdr.cdc.gov/pfc/docs/pfas_clini
cian_fact_sheet_508.pdf
• https://www.epa.gov/pfas
• https://www.colorado.gov/pacific/cdphe/pfcs
• https://www.pfas-aware.org/

Extra Slides
• Slides from December meeting if people have
questions on that data

Preliminary Blood Sampling Results
from 220 Blood Samples:
Review from December 2018

Preliminary Blood Sampling-PFAS Results (in ng/ml):
Current
Acronym

This Study
U.S. 50th This Study 90th U.S. 90th
Percent
50th Percentile Percentile
Percentile
Percentile Measurable

PFHxS
Total PFOS
Total PFOA
PFNA

14.8
9.7
3.0
0.4

1.2
4.8
1.6
0.6

49.7
28.1
7.4
0.8

3.4
13.2
3.4
1.4

100
100
100
100

PFHpS

0.2

N/A

0.6

N/A

82

PFDA

0.1

0.10

0.3

0.4

45

Me-FOSAA

0.1

< LOD

0.4

0.4

35

PFHxA

< LOD

N/A

0.2

N/A

25

PFUndA

0.1

< LOD

0.1

0.2

17

PFHpA

< LOD

< LOD

0.1

0.1

9

PFDoDA

< LOD

< LOD

0.1

< LOD

2

Et-FOSAA

< LOD

< LOD

0.1

< LOD

2

<LOD stands for below the limit of detection. This means that the value was somewhere
between 0 and 0.1 ng/ml. Below 0.1 ng/ml the instrument cannot give a confident answer for
the actual value.

Summary: PFOS, PFOA, PFHxS and PFNA
Numbers in F-S-W vs. CDC Reference Values
• PFHxS:
– Median/90th percentile levels in F-S-W are ~12 times as
high as the U.S. population reference levels

• PFOS:
– Median/90th percentile levels in F-S-W are ~2 times as high
as the U.S. population reference levels

• PFOA:
– Median/90th percentile levels in F-S-W are ~2 times as high
than the U.S. population reference levels

• PFNA:
– Median/90th percentile levels in F-S-W are ~30 to 40%
lower than the U.S. population reference levels

Blood Sampling-Cholesterol Results:
Study 50th
Percentile
Study
Range
Expected
Range

Total Cholesterol
(mg/dL)

LDL (mg/dL)

HDL (mg/dL)

178

103

44

133

Min: 99
Max: 302

Min: 38
Max: 207

Min: 0
Max: 129

Min: 34
Max: 499

Low: Below 40
Borderline Low: 40-59
Healthy: 60 and above

Healthy: Below 150
Borderline High: 150-199
High: 200-499
Very High: 500 and above

Healthy: Below 100
Healthy: Below 200
Borderline High: 100-159
Borderline High: 200-239
High: 160-189
High: 240 and above
Very High: 190 and above

If you are concerned about your results
you should consult your physician.
We are still working on the analysis of
any potential relationships between
PFAS exposure and Cholesterol

Triglycerides
(mg/dL)

Blood Sampling-Liver Enzyme Results:
Study 50th Percentile
Liver Enzyme Levels
Study Range Liver
Enzyme Levels
Laboratory
Reference Values for
Liver Enzymes

ALT (Units/L):
Men: 16
Women: 12
Men: 3 to 62
Women: 3 to 64

AST (Units/L):
Men and Women:
20
Men and Women:
10 to 60

GGT (Units/L):
Men: 24
Women: 15
Men: 6 to 151
Women: 6 to 79

Men: 0 to 44
Women: 0 to 32

Men and Women:
0 to 40

Men: 0 to 65
Women: 0 to 60

If you are concerned about your results
you should consult your physician.
We are still working on the analysis of
any potential relationships between
PFAS exposure and Liver Enzymes

